SUMMARY It is generally accepted that low birthweight infants should be nursed at thermal neutral temperature-the environment in which oxygen consumption is at a minimum. Low birthweight infants do not, however, always show an increase in oxygen consumption at a temperature outside the neutral range, but react with a change in body temperature. We redefined therefore the neutral temperature for these infants as 'the ambient temperature at which the core temperature of the infant at rest is between 36&7 and 37 3°C and the core and mean skin temperatures are changing less than 0*2 and 0-3°C/hour respectively'. Using this definition, new guidelines of the neutral temperature have been made for healthy infants of 29-34 weeks' gestation. The neutral temperature during the first week of life is dependent on gestational age and postnatal age, whereas after the first week it depends on body weight and postnatal age. Using this definition and the guidelines, the appropriate environmental temperature for the individual patient can be chosen.
Since the studies done by Budin in 1900,' it is known that maintaining the body temperature and therefore controlling the environmental temperature is important for the survival of low birthweight infants.
Glass et al2 showed that the environmental temperature also influences growth. Although short exposures to cold stress has a facilitative effect on thermogenesis in newborns,3 it is generally accepted that these infants should be nursed in an environment that keeps heat loss at a minimum.4 The optimal ambient temperature at which the infant should be nursed is called the thermal neutral temperature and is defined as 'the range of environmental temperature within which the metabolic rate is at a minimum and within which temperature regulation is achieved by non-evaporative physical processes alone '.5 Several guidelines for the neutral temperature have been published.69 These guidelines cannot, however, be used alone for setting the incubator temperature, as the temperature of the walls of the incubator,'0 humidity, ' 12 and air velocity'3 are also important. Moreover, it is not known how the guidelines can be evaluated in individual patients, as it is impossible to measure metabolic rate continuously in each one. We defined the neutral 18 temperature in a more practical way and have drawn up new guidelines using this definition.
Methods
Studies were done with a research incubator described previously14 in which it is possible to measure continuously oxygen consumption, carbon dioxide production, and heat loss through evaporation. The incubator is a closed system; oxygen consumption is measured with an accuracy of 0-2 ml/min by measurement of the oxygen supply needed to maintain a constant concentration and carbon dioxide production is measured in a similar way. The incubator is double walled-water circulating between the two walls. The temperature of the walls can be regulated with an accuracy of 0-1 C and changed by 0-4°C/min. The air entering the incubator is heated to the same temperature as the walls. The humidity of the air was set during the experiments at a dewpoint of 18-0 ± 0-1°C. The flow in the system is 10 I/min.
During the study the following temperatures were recorded continuously using an Ellab universal digital thermometer DU-3 and thermocouples (Ellab, type AF6): mid-oesophagus, forehead, left hand, left upper arm, abdomen, left thigh, and left foot. The temperatures were measured with an absolute accuracy of 0-1°C and trends of 0-1°C/hour could be detected.
The infants were naked except for a very small plastic covered napkin to prevent evaporation from spilt urine and faeces. They were lying supine on a mattress made of netting with wide openings, so constructed that conductive heat loss was negligible. Only studies in which the infant was either sleeping or awake but quiet during the observation period were included for analysis. All infants were healthy at the time of the study.
Informed consent was obtained from all parents. significant parameters that influenced the neutral temperature. Four parameters were analysed: gestational age, birthweight, postnatal age, and actual weight.
Results
In each experiment the neutral temperature of the baby was obtained by changing the temperature of the incubator until the definition of the neutral temperature was met. The observation period after a change in environmental temperature was at least 45 minutes.
Neutral temperature during the first week of life showed a correlation with gestational and postnatal age (r = 0-82, P<0*001) and can be expressed as follows: neutral temperature during the first week of life = 36-6 -0-34 x gestational age at birth -0-28 x postnatal age (equation 1) where temperature is expressed in°C and postnatal age in days. Gestational age is related to 30 weeks, for instance 28 weeks = -2, 32 weeks = +2. The standard deviation of the temperature predicted with this formula is 0-7°C.
The neutral temperature after the first week of life showed a correlation with postnatal age and body weight (r = 0-72, P<0-001) and may be written as: neutral temperature after the first week of life = 36 -1-4 x body weight -0-03 x postnatal age (equation 2) where neutral temperature is expressed in°C, body weight in kg and postnatal age in days. The standard deviation of the temperature predicted with this formula is 0-65°C.
All values apply to an environment with an equal air and wall temperature and a humidity of dewpoint of 18°C. Neutral A baby produces heat continuously. All energy used for maintenance of the body, activity, and part of the energy for tissue synthesis, is given off as heat. 14 A neonate will maintain his body temperature under optimal conditions without using extra energy especially for heat production. Total heat loss is dependent on both the heat production of the infant and the environmental conditions. Heat may be given off in an incubator via radiation, convection, and evaporation.'5 The amount of heat given off in the different ways may vary, although total heat loss remains constant.16
As a reaction to a lower environmental temperature, the infant restricts skin perfusion which causes a drop in skin temperature. '7 The core temperature will also change to obtain a new equilibrium with the environmental temperature. When the environmental temperature remains in the thermoneutral zone, the metabolic rate will not change and there will be a change only in the infant's temperature. When the environmental temperature drops below the thermoneutral zone, the metabolic rate will increase, accompanied by a drop in body temperature."I 15 [18] [19] [20] In our studies where we measured continuously core and skin temperature and metabolic rate, while changing the incubator temperature by PC, we observed changes in the trend of core and skin temperature. We could not, however, distinguish changes in metabolic rate from spontaneous changes that occurred at a constant environmental temperature. Most studies have measured the increase in metabolic rate after a drop in environmental temperature of more than 1-2oC.ll 15 18 19 Bell et a120 found a 25-33% higher oxygen consumption at 1-2°C below the neutral zone compared with this zone. As the authors indicated, however, this increase might have been overestimated. Changes in body temperature were not recorded in this study, but the core temperatures were significantly lower at the lower temperature, nearly all being less than 36-70C, which we considered as below the neutral zone.
We conclude from observations made during this study as well as those made by others '6 Although published guidelines of the neutral temperatures 9 relate neutral temperature to body weight and postnatal age only, we found a correlation with gestational age rather than body weight during the first week. The high neutral temperature found at low gestational ages can be explained by the high evaporative heat loss found in very preterm infants. 2' 22 As heat loss through evaporation may be equal to or even higher than total heat production,2' heat loss through radiation and convection must be minimal or even negative. The decrease in neutral temperature during the first week may be explained by a decrease in evaporative heat loss and an increase in metabolic rate and so in heat loss (Fig. 3) . The decrease in neutral temperature after the first week is related to the increase in metabolic rate per body surface area (Fig. 3) and to the increase in body insulation due to the increase in subcutaneous fat.23
In Fig. 4 we compared our guidelines with the guidelines published by Hey and Katz9 for an infant of gestational age 33 weeks, and birthweight 2 kg, and for an infant born after 29 weeks' gestation and of birthweight 1 kg. It was assumed that both infants were growing 17 g/kg/day after the first week of life. The values we found for the smaller infant are slightly higher, but for the infant of two kg there is complete agreement.
Our guidelines for the neutral temperature are only valid for an environment where wall and air temperatures are equal and the air has a dewpoint of 18°C. When the wall temperature is lower than the air temperature, the air temperature must be raised according to the formula: Tneutral = 0 4 Tair + 0-6 Twall.9
The neutral temperature will be lower when the humidity of the air is higher than used in this study. In infants born after 29-34 weeks, the neutral temperature can be reduced by 0-1°C for every increase in the dewpoint of the air of joC. '2 The exact influence of differences in humidity on the neutral temperature in very preterm infants needs to be studied. The air speed in the research incubator used is lower than the air speed in a conventional incubator. We estimated the air speed in our incubator to be 0003 m/sec. The air speed in a conventional incubator is approximately 0-05-0-15 m/sec. Stothers24 found that the total heat loss was equal at air speeds of 005 and 0-10 m/sec in term infants. Increasing the air speed to 02 m/sec caused an increase in total heat loss. The exact influence of air speed on the neutral temperature of preterm infants has still to be studied but the values of the neutral temperature, given in Figs. 1 
